We aimed to analyze regional disparities of health care resources in traditional Chinese medicine (TCM) county hospitals and their time trends, and to assess the changes of regional disparities before and after 2009 health care reforms.
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Introduction
Regional disparities in health care is a global phenomenon, and a persistent feature of China's health care system [1] . Regional disparities describe the differences in the character and process of health care and variations in health care facilities across different regions, which leads to health welfare inequalities within a country [2] . The equitable allocation of health care resources ensures fairness in health care accessibility, but inequalities in health care resources create or exacerbate disparities in both health system quality and health outcomes [3] [4] [5] . Similar to geographical disparities in China's economic development, provinces in western and central China have much lower densities of health facilities, health workers and hospital beds compared with more developed eastern provinces [6] [7] [8] . These disparities increased between 1980 and 2003, where the absolute gap in beds per thousand people among eastern, central and western and regions increased [8] .
In China, the health system can be divided into a western and traditional Chinese medicine (TCM) system. TCM hospitals (including ethnic minority medicine hospitals and integrated Chinese and Western medicine hospitals TCM hospitals) were the main Chinese medicine providers that treat the patients with TCM service and products (including medicinal herbs, moxibustion, acupuncture, dietary therapy, massage and therapeutic mind/body practices) to maintain public health [9, 10] . Given China's cultural heritage, the promotion of TCM has always been a priority in China, with the demand for TCM services increasing in recent years [11] . Since 1954, TCM hospitals were initiated by the central government, and treat patients with TCM service and medicine [12] . During 1970s, the China government proposed the policy of "integration of Chinese and western medicine", and more and more modern medicine and technologies were introduced to TCM hospitals [12] .
Currently, county level TCM hospitals were the main providers of TCM services and also principal providers of western medical services, especially in rural areas [12] . The number and scale of TCM county hospitals played a significant role in assuring equitable distribution of health care resources and guaranteeing health care accessibility. In spite of government support for TCM, TCM hospitals were no exception to the regional inequality in the distribution of China's health care resources, with the eastern region having higher beds counts and doctor density than western or central areas [11] .
Prompted by the 2003 SARS epidemic, Chinese governments recognized the fragility and inequalities of health system, taking the first tentative strategies to balance health care resources across regions. The majority of government investments in health care come from local government, therefore the unequal financial capacity of provinces to invest in health care, a reflection of China's unbalanced economic development, explains much of the regional health resource disparities [8] . To address these regional disparities, the central government increased transfer payments to the central and western provinces [13] to improve equality of the health system, with the establishment of many new health facilities [14] .
In 2009, China launched a new round of health system reform [15] , aiming to provide equitable, affordable and effective basic health care for all households by 2020 [16] . To achieve these goals, funding was directed to building health infrastructure, training primary health care providers, subsidizing enrollment in basic health insurance schemes, and providing public health facilities [16] . With regional health service equality a continuing basic principle of the health reform agenda, the 2009 reforms addressed the imbalances in health care availability and access across regions, and implemented at county hospitals since 2012 [17, 18] . In terms of equality in health care resource, the central government strengthened their investment in county hospitals and grassroots township and village health care institutions [19] , including further reinforcing the system of TCM [20, 21] . Did the 2009 health funding reforms close the gap in the regional disparities in TCM health care availability and access?
In addition, China's State Council issued an outline of strategic planning for the development of TCM in 2016, which pointed out that the supply of TCM services did not meet the people's need due to limited TCM healthcare resources and the availability of services and therefore set the goal of universal access to TCM services by the end of 2020 [9] . Exploring the distribution of TCM health resources and effectively improving the equitable distribution of these resourcesis are critical to achieving universal access to TCM services. Although scholars have been interested in the regional disparities in health care resource distribution [6, 7, [22] [23] [24] , there are few studies of the changing regional disparities in TCM health resources [11] . Since hospitals occupied major health resources and were the main health care providers in China [7] , understanding the changes in the regional disparity in hospital resources provides general insights in health care resource allocation. In the context of the 2009 health care reform and the outline of strategic planning for the development of TCM, this paper explores whether the regional disparities in TCM county hospitals improved, remained the same or deteriorated.
Using longitudinal data from all TCM county hospitals in China between 2004 and 2016, we aimed to analyze the changes in regional disparities, and their time trends, in terms of their number, scale, and doctor's workload. Further, we assessed whether the tendency of those regional disparities differed before and after the 2009 health care reforms. Since differentiated government investment is the main policy instrument for promoting the development of TCM county hospitals, we also evaluated the regional disparities in government hospital investment.
Methods

Data source
Our study used a unique hospital-based, longitudinal dataset from all TCM county hospitals (including ethnic minority medicine hospitals and integrated Chinese and Western medicine hospitals) in China between 2004 and 2016. Collected annually by China's National Health Commission, these longitudinal hospital data cover the period before and after the implementation of China's 2009 health system reforms, comprising information on health resources, revenues, and outpatient and inpatient services.
Measurements
We used the total government subsidy per hospital per year to measure government investment in TCM county hospitals. To measure the key features of TCM county hospitals, we used data on number (the average number of TCM hospitals per county), scale (the number of medical staff and hospital beds) and doctor's workload (daily visits per doctor and inpatient stays per doctor). During the Seventh Five-Year Plan period (1986) (1987) (1988) (1989) (1990) , the Chinese government divided its 31 provinces on the mainland into three regions according to their geographical location and level of economic development, and this division was wildy used in previous researches. [11, [25] [26] [27] Follow this division, we divided the 31 provinces, autonomous regions and municipalities into three regions according to their geographical location. The eastern region comprised 11 provinces (Beijing, Fujian, Guangdong, Hainan, Hebei, Jiangsu, Liaoning, Shandong, Shanghai, Tianjin, and Zhejiang); the central region included 8 provinces (Anhui, Heilongjiang, Henan, Hubei, Hunan, Jiangxi, Jilin, and Shanxi); and the western region included 12 provinces (Chongqing, Gansu, Guangxi, Guizhou, Inner Mongolia, Ningxia, Qinghai, Shaanxi, Sichuan, Tibet, Xinjiang, and Yunnan).
Statistical analysis
Initially, we performed descriptive analysis. We then tested whether there was a statistically significant change in the time trend in the outcome variables compared with the period before and after the health system reform using segmented regression models. The segmented regression model was specified as follows:
where Y it represents the outcome variables in hospital (i) and year (t); Region is a categorical variable indicating whether an hospital is within eastern, central, or western regions; Eastern, Central, and Western are three indicator variable to denote the eastern, central, and western regions; it t 1 is annual trend term for the before reform period; t 2 is annual trend term for the after reform period; ε it refers to the error term. This segmented regression model provided estimations of the time trends in the before period (β 2 to β 4 ) and whether there was a statistically significant change in this time trend between periods (β 5 to β 7 ). According to model 1, we can also calculate the trend in the absolute gap between eastern central and western region using β 2 − β 4 (eastern vs western) and β 3 − β 4 (central vs western), respectively, and whether there was a statistically significant change in this trend between periods using β 5 − β 7 (eastern vs western) and β 6 − β 7 (central vs western) [28] . The reform policy was implemented progressively, and it was implemented on TCM hospitals sicne 2012, which makes it impossible to determine a priori at which time points we might expect the time trends to change. We used an iterative search procedure to identify which breakpoint provided the best fit for the data by comparing all models using different 2009-2013 alternative breakpoints [29] . Our results indicated that the breakpoint at 2011 provided the best fit for the data (S1 Fig 
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Results
Characteristics of TCM hospitals
The impact of increased government health facility investment was reflected in the increase in county level TCM hospitals from 1488 in 2004 to 1743 in 2016. As shown in Table 1 , in the pre-reform period, the average annual government subsidy per hospital in the western region was RMB1.8 million (US$268 thousand), roughly RMB0.5 million (US$74 thousand) more than the central and RMB0.7 million (US$104 thousand) more than the eastern region. In the post-reform period, government subsidies rose in all regions, but especially in the western region. The gap in funding between western and other regions roughly doubled to RMB2 million (US$298 thousand), indicating that government investment was directed to improving regional disparities in TCM hospital availability. Table 1 also reports that there remained more county level TCM hospitals in each county in the eastern region than the central and western regions. Hospitals in the eastern region also had greater scale, measured by more medical staff and more hospital beds, than hospitals in the western region, and a greater scale than central TCM hospitals measured by the number of medical staff. As shown in Table 1 , hospitals in the western region had the highest doctor'sworkload, with more daily visits by doctors and more inpatient stays per doctor; hospitals in the central region displayed medium scale and doctor's workload compared to eastern region hospitals. Table 2 illustrates the average changes in the key characteristics by period. In the pre-reform period, the government subsidy per hospital increased RMB443 thousand (US$66 thousand) per year in the western region and about half that rate, RMB275 thousand (US$41 thousand) per year, in the eastern and central regions. This trend continued in the post-reform period, where the government subsidy increased by RMB691 thousand (approximately US$103 thousand) in western region, outpacing the RMB550 thousand (approximately US$82 thousand) increase in eastern and central regions. As shown in Fig 1, increasing trends were also observed in average number and scale of county level TCM hospitals in all three regions in both periods. The rate of increase in the average number of hospitals was significantly higher in the post-reform period than the pre-reform period in the central and western regions, with no significant change in the eastern region (see Table 2 ). There was a significant increase in the rate of increase in the number of medical staff and a significant decrease in the rate of increase in inpatient stays in all regions. The eastern and central areas witnessed accelerated growth in hospital beds after 2011. In all three regions, daily outpatient visits per doctor increased only before 2012. Trend in absolute gap in the characteristics of TCM hospitals Fig 2 presents the year-by-year trends in the absolute gap in the key characteristics of TCM hospitals, and Table 3 estimates the average changes in the absolute gap in the two periods. The annual gap in government subsidy between eastern and western area was RMB176 thousand (US$26 thousand) and that between central and western area was 156 thousand (US) during the pre-reform period. There two gaps both rose to RMB300 thousand (US$45 thousand) during the post-reform period. The absolute gap in the average number of TCM hospitals per county between eastern and western region increased at a rate of 0.009 (P = 0.003) per year during the pre-reform period, but the regional west-east disparity in the number of hospitals per county narrowed in the post-reform period, decreasing at a rate of -0.027 (P<0.001) per year after 2011. The absolute gap in average number of TCM hospitals per county between the central and western region fluctuated around 0.05 in both periods, with no significant widening or narrowing of the disparity. For both periods, there was no significant annual changes in the absolute gap in medical staff and beds between the three regions, except the absolute gap in hospitals beds between the central and western regions increased 4.594 (P = 0.005) per year per hospital during the postreform period. During the pre-reform period, the absolute gap in daily visits per doctor between the eastern and western region decreased 0.182 (P<0.001) per year, which narrowed the western-eastern doctors' burden. After 2011, decreasing rates in the absolute gap of daily doctor visits among the three regions were not significant. However, the absolute gap in the daily inpatients per doctor widened between the western and other regions sharply every year during the pre-reform period and moderately increased during the post-reform.
Average changes in the characteristics of TCM hospitals
Discussion
Using hospital-based longitudinal data, our study analyzed the regional disparities, and their time trends, in the key charactristics of county level TCM hospitals in the context of China's 2009 health system reforms. Although government subsidies increased, TCM hospitals continued to display large disparities in the number, scale, and doctors' workload across the three regions.
There were fewer TCM hospitals with smaller scale in the western region than in the eastern and central regions. In the pre-reform period, hospitals in western China received higher government subsidies compared to hospitals in eastern China, offsetting the greater and more stable financial capacity of local governments in the wealthy eastern region to invest in health [13] . But the gap in the number of western versus eastern hospitals in the pre-reform period widened, which was only reversed during the reform period. There was no change in the gap between the number of western versus central TCM hospitals. There was also no change in the scale of western TCM hospitals compared to the other regions. Given the lower size and density of population in the western region [7] , it is reasonable that hospitals in the western region had a relative smaller scale than eastern or central TCM hospitals. However, in consideration of its vast territory, there should be a greater number of hospitals in the western region to preserve equity and accessibility to health services. This only happended in the post-reform period for the western-eastern regions. Disparities in access to TCM hospitals in the western region were no significantly narrowed. Measured by inpatients stays per doctor and doctor visits, TCM county hospitals in the western region had a higher doctors' workload than those in the central and eastern region. The doctors' workload of TCM hospitals in the western area was similar to the regional disparity in general hospitals, where inpatient stays per doctor and doctor visits were also greater in the western region [30] . The 2009 reforms did not narrow regional disparities by addressing the doctors' workload. While increased central government funding benefited the western region hospitals pre and post-reform, much of the central government special transfer payments were used for infrastructure investment [18] , with about RMB63 billion (US$9 billion) to support county hospitals and other grassroots level health facilities. Most of the investment was used to expand the scale, rather than to increase the number of TCM hospitals. Also, local governments increased their financial input into health, and the subsidy policy channeled funding into basic construction and equipment procurement, development of key subjects, funds for retirees in conformity with the state regulations concerned, subsidies for policy-related losses, and special grants for government-sponsored tasks, such as public health services. These government subsidies stimulated the expansion of hospital scale, in terms of beds and medical staff. In addition, before 2011, hospitals were subject to headcount quota system regulation which controlled total staffing [31, 32] . Since 2011, the State Council and Ministry of Health of China issued a series of policy directives to weaken the headcount quota system and strengthen the recruitment autonomy of hospitals [32] . While these policies accelerated key features of TCM hospitals, increasing the scale over expansion in the number of hospitals, instead of addressing the regional disparity issue for the western region that needed more, not larger, hospitals. A further impact may have been an increase in doctors' workload [33] . Favouring the western region, the absolute gap in government subsidy increased year by year due to the increased transfer payments since 2000, and especially after the 2009 reforms. The increased transfer payments can explain the reduced disparities in the number of TCM hospitals between the eastern and western regions after reform. There was no significant change in the disparities in medical staff between three regions in the two periods, but the disparities in hospital beds between the central and western regions significantly increased after 2011. This might be explained by two factors. First, there was more demand for health services in the central region due to its large population and enhanced medical security after reform. Second, counties in the central region had a lower chance of misappropriating transfer payments to promote regional economic growth and invested more funds into health compared to the western region. [34, 35] . According to Chen et al. [34] , hospital transfer payments maybe misappropriated by local governments with insufficient fiscal ability, such as many counties in the western region, when funds are redirected to promote local economic growth due to the western region's cadres' evaluation system.
In 2003, China launched the New Cooperative Medical Scheme (NCMS) that saw governments subsidize a health insurance scheme to pool of risks of diseases for rural residents. Recent research found that NCMS has significantly improved the outpatient utilization in county-level hospitals in the eastern and central regions, but had an insignificant impact on rural residents' outpatient services in the western region [36] . In contrast, they found that the NCMS significantly improved the inpatient utilization in the western region [36] . These different effects on outpatient and inpatient utilization across the three regions may have significantly different effects on the outpatient and inpatient workload in these regions and increased the regional disparities in daily inpatient stays per doctor.
This study has several policy implications. First, more hospitals should build in western region to preserve equity and accessibility to health services given its relatively larger territory. This requires more transfer payments to western region. Second, effective policies should be developed to attract more qualified TCM staff, reducing the doctors' workload and narrowing regional disparities. Third, targeted health policy with optimized hospitals' scale should be a priority in shaping China's TCM system.
This study is subject to several limitations. First, we only focused on the time trends of regional disparities. Although we have discussed some potential reasons for these tendencies, the present study does not support inferences about the effects of specific policy interventions. Second, we are aware that our indicators were restricted by the availability of data. Although our mesures are consistent with other studies [3, 11, 12] , they may not reflect the entire picture of inequality in the TCM county hospitals. For example, no quality outcomes were analyzed in this study and measurements of doctors' workloadonly focued on the operational efficiency.
Our study also has many strengths. This is the first study to estimate the regional disparities and their time trends in the characteristics of county level TCM hospitals in China, which provides new information about TCM health resource allocation. According to the outline of strategic planning for the development of TCM 2016, each county should have at least one TCM hospital. County level TCM hospitals occupied major health resources and were the main health care providers in China, especially in rural area. Exploring the distribution and changes of these resources provides general insights in TCM health care resource allocation. In addition, we used longitudinal data of all county level TCM hospitals in China between 2004 and 2016, which avoids sampling bias.
Conclusion
Although TCM county hospital funding and hospital number increased over the past 13 years, substantial regional disparities remain. During the post-reform period, regional disparities in the number of TCM hospitals between the eastern and western regions were corrected to some extent. But changes in hosptals' scale and doctors' workload did not address regional disparities for TCM county hospitals. Further, the 2009 reform may have encouraged unreasonable expansion in TCM hospital scale and raised the doctors' workload of TCM hospitals in the west area, without narrowing regional disparities. This implies that policy measures should be directed to optimizing the number of TCM hospitals, attracting quality TCM doctors and reducing the doctors' workload, especially in the westen region, rather than promoting the scale up of TCM hospitals. 
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